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ABSTRACT

A conventional motorized street flusher was evaluated as a suit-
able decontamination tool to be used in the operaticnal recovery of
extensive paved areas contaminated with fallout from & land-gurface
nuclear detonation. The selection of fallout parameters such ae par-
ticle size and initial mass levels was based on a theoretical fallout
nodels

The £lusher nozzle orientation was adjusted for maximum de~ontami-
nation effectiveness. This adjustment can be applied to any flusle:
tr. be vsed for simllar purposes, Using a fixed set of flusher adjust-
ments and constant-size test area, the effects of 4 particle size

ranges, 3 mass levels, and 2 types of surfaces on removal effectiveness
were determined.

The least effective removal by flushing (2.2 g/ft2 residusl mess)
for a given expenditure of effort wes obtained at high initisl mass
loadings (100 to 600 g/ft2) on asphalt surfece using small particles
(44-88 p and 88-177 p). The best removal effectiveness by flushing
(0.06 g/ft2 residual mass) for the same expenditure of effort was
obtained using low initial mess loading (20 g/ft2) on concrete surface
with 350 to 700 p particle sizes.

A majority of the tests conducted were in agreement with previously
developed theoretical equations describing decontamination in terms of
residual mass as a function of expended effort.




SUMMARY

The Froblem

Reclamation of extensive paved areas contaminsted with fallout
from a land-surface nuclear detonation may be required. The decon-
tamination procedure used, of the several available, depends on the
particular environmental and contamination conditions in conjunction
with the capabilities of the procedures. In regions where an adequate
wvater supply is available, wet decontamination such as motorized flush-
ing may be the primary procedure; or it may be used in combination with
dry procedures as a Tinal clean-up method. Therefore motorized
flushing should be evaluated under predicted fallout conditions cf
mass loadings, particle sizes, and surface roughness. Variation in
machine parameters such as water pressure, nozzle crientation, and
speed should be tested to determine the conditions of optimum effec-
tiveness for decontamination purposes.

Findings

Using radionuclide-traced sand to simulate dry fallout from a
nuclear weapon detonation on e land surface, motorized flushing
effectiveness data were obtained for one optimm combination of machine
and operetional parameters. This optimum ccombination was tested under
several environmental conditions including mass levels of 20, 100, and
600 g/ft?, and particle size ranges of 44-88 p, BB-177 u, 177-350 u
and 350-700 p, on asphalt and concrete surfaces.,

The effectiveness achieved depended upon the critical adjustment
of flusher parameters which included nozzle orientation and nozzle
vattern adjustments. The highest degree of effectiveness achieved was
with low mass loadings (20 g/ft2) on concrete surface using large par-
ticle sizes (350-700 u and 177-350 p). The observed rate of removal
as well as final residual mass obtainable were a function of mass load~
ing and particle size.

ii




CONTENTS

ABSTRACT. v & & v v s 6 4 i v 0 s o s o o v o o = s
SUMMARY o & v v v e h s vl e e e e e e e e

CRAPTER 1 INTRODUCTION . v ¢ ¢ o ¢ « o s o o o o
1.1 Background and History + « « ¢« « « « & o &
1.2 ObjectiveS. v o ¢ ¢ o v o o a 4 4 2 s a s
1.3 APProach o v o o o ¢ 6 4 o 2 s 4 s 4 s s »
I BCoPe. v 4 e h e e e e e e e e e e e

CHAPTER 2 TEST PROCEDURES AND MEASUREMENTS « . . o
241 Test Site. . ¢ & & ¢« 4 0 ¢ @b h e v e e
2.2 Description and AdJjustment of Flusher, . .
2,3 DProduction of Faliout Simulant. . . + + . .
2.4 Dispersal of Fallout Simulant . . . .+ « . .
2.5 Measurement Technique. . « ¢« & ¢ ¢« v o &+ »
2,6 Test ProcedUres « v o s o o « o « ¢ 4 o &

CHAPTER 3 RESULTS AND DISCUSSION. . . & & o & « ¢ &
3.1 Comparison of TestsS. o & « ¢« 4 5 o + o o »
3.2 Effects oif Particle Size, Mass levels and

Surface TYPE. « o s « « « o « o o » o o o @

3.3 Water Consumption. « « o« o o « ¢ & o o o »
3.4 Experimental EITOr « o v o o « o » « o +
3.5 Flushing Theory. « s = « &« = o o « & « s @
3.6 Comparison of Mctorized Street Flushing and
Motorized Street Sweeping€. « « + & ¢ ¢ « &

CHAPITER 4 CONCLUSIONS AND RECOMMENDATIONS. . . . .

B,1 Conclusions: « « + o o o » o o o s o « o »
L.2 Reccmmendations. « « + « ¢ ¢ s . 0 e 4o

APFENDIX A PRELIMINARY TEETS. &« & o s ¢ ¢ o o « s &

AFPENDIZ B PHYSICAL AND RADICLOGICAL PROFERTIES OF
FALLQUT SIMUIANT. . . & ¢ « v ¢ v ¢ « &

AFPFENDIX C CORRECTED RAW TEST DATA. . - - « ¢« + + .

APPENDIX D STREET FLUSHER SPECIFICATIONS. . « . o .

iii

.

.1
. it
.1
.1
. 2
< 3
. k
. 6
-7
« 9
.12
. 16
.17
. 21
v . 27
., 28
R 1
« + b5
« o ks
. . L6
. b7
. 51
. 51
. 52
- 53
. . 5k
. 56
. . 63
75




TABLES

1.1 Estimated Range of Fallout Envirommert Parameters. . . .
1.2 Gcope cf Tesu Conditions. o & & . o v v v 6 v v 4w .
2,1 Optimum Nozzle Settings and Pressures + .+ o . . .
3.1 Residual Mass Levels (g/ft%) Attained by F‘ugne" for
Various Fallout Conditions. « + . . . TR
3.2 Fit of Equation 3.2 to Test Data. . . . . . . . ¢« . . .
fi.1l krfect of Initial Mass level on Flus._ng Efficiency . . .
B.1 Plyysical and Radiological Properties of Fellout
Simulant Batel No. 1 Having a Nominal Particle Size
Range 350 B B0 TOQ He « v 6 o o v 4 v o v v o o o+ + o o
B.2 Physical and Radiological Yroperties of Fallout

Simulant Batch No. 2 Having a Nauinal Particle Size Range

7T 1 20 350 He v ¢ @ 0 b 6 4 e 4 e oW . . e e e e
B.3 Physical and Rd(h.O]O[’J,CSl Properties of Fallout

Sirmlant Datch Mo. 3 Heving a Nominal Particle Size

Ran{reBBp.tolT(u....
B.L Physizal and hadiolegical Properties of Failout

Simulant Batch No. 4 Having a Nominal Particle Size

Range Bl p to 88 e & 4 & 4 & v i it v e e e e e e e e
C.1 Corrected Raw Data for lictorized Flushing . . « + + « = .

§

2.1 Special Test Area for Evaluation of Wet Decontamination
FroccdUI€e + o o s o » + 2 » ® &+ = & % o 5 &+ o o o« + & a
2.2 BStreet Flusher Performance . . . . . i e s e e s e e .
2.3 Calibration of Nozzle Flow Rates at Pre.,sure.. of
Interest. « o ¢ o w6 o 4 & 5 o @ e s s e s 4 b s e " ows
2.4 strect Flusher Nozzle Geometry. . . . e e e e ..
2.5 Front Nozzle Operation Showing Protrac tor Bar Used to
Obtain Proper Nozzle Orientaticn. « « . « s e e s s e s
2.6 Three-nozzle Operation at Sc.ttmus Used :“or Evaluation
TeStSe o o v = o ¢ 0 o 1 4 o = . . “ . . .
2.7 Dispersal of Synthetic Fallout om Test Area by Har:d-
PulledGardenapreac.er.................
2.8 L-pi Ioniz&tion Chamber. . . . e e e e e e e s
7.9 HMeasuring Radiation Intensity ol Synthetic Fallout

with Seintillation Counter and Hand-held Radiac., . . . .
2,10 Plan of Test Area Showing Contaminant Control Features
and Flusher Pass Sequence., . . . - c e e e e
2.11 Jecond Flushing Pass at Curb Usm.b Tm-ee Nozzles. P
2.12 Flushing Conte.vinant From Side Splash Boards into Drain
Ditch Before Teking Radiation Reading on ‘Test Surface. .
3.1-3.4 Comparisons of Effects of Partvicle Size on the
Decontamination PerformAance of a Conventional Motorized
Street Flusher, Using Test Procedures Described in
BeCtion 2eBe v v e 4 v bt e bt e e s e e e e e s

iv

W oE o
AN G <IN ChNGAET

A5
(e8]

23




{EMOVAL EFFECTVENESS OF SIMUIATED DRY FALLOUT FROM PAVED ARFAS BY
CONVENTIONAL MOTORIZED STREET “LUSHER

USNRDL-TR-797, dated 18 June 1964
by D. E. Clark, Jr., and W. C. Cobbin

SPECIAL SUMMARY {Pages A-D, inclusive; for (OCD use as detached
document)

PURFOSE AND OBJECTIVES

Recovery from & land-surface nuclear wveapon detcaation requires
that preper countermessures be used during the various phages of redis-
locical recovery activity. In regions vhere enough water is available
for large-scale decontaminetion, motorized flushing could be applicable
to cleaning extensive paved areas such as streets. To determine the
decontamination capability of a commercially aveilable motorized street
flusher, ane was tested under controlled environments of simziated
fallout using optimum machine ad justments.

Previous evalvation of wet decontamination procedures and the
recently developed concepts of fallout enviromment simulation indicated
tiat the evaluation tests attempt to:

a. Verify previously established wet method contamimtion pare-
meter celationshipe, or establish new relationships.

b. Determine specifically and separately the effects of the
following on decontaminaticn effectiveness:

1) Deposited initisl mass levels.
2) Particle size.
3) Surface roughness.

A study was made of the removal effectiveness of simmlsted fallout
from asphalt and conecrete surfaces by & wotorized strect flusher, and
the following objectives were met;

a. Measure and select the beat operstive conditions for avatlable
motorized street flushers, including improvements in equipment design
and operationa}l procedures.

b. Determine the decontamination effectiveness of motarised
street flushers performing at optimum operating conditions of nozzle
orientaticn, water pressure, and forward speed, in the removal of fall-
out simulant of -aricus particle sizes and mass loadings from paved
surfaces of espoa.t and concrete.,




S00FE

Optisua u,erative conditions, and adjustments uf noszle arienta-
tion and water pressure, were Getermined by smll-scale preliminary
tests. Then 27 full-scale tests were conducted at one intermsdiate
upeed (6 mph) mnd tbe best operstional procedure (involving flushing
sequence and nozile srrangement) to determine the effect of suxface
rougbhness and fallout parsacters of amss losding end parcicle sise on
decontamination >ffectiveness. The extent to which these effects were
investigated by the 22 tests is indic ted in the table below.

Initial Mass Surfece Particle Size Cided
(&/12) Type* T T3 5
- o) A X X xx X
20 c X p 4 XX 4
100 A X X xx X
100 c X X = X
€00 A p 4
600 C X
BA - Aspinlt
C -~ voncrete

*¥X - Indicates one test run.

FINDINGS

Thres types of factor influence "lusher cleaning effectivenesa:
{a) environmental conditions, such as surfsce type and roughness, con-
tamirant particle size, and mess loading; (b) machine charecteristics,
such as noszle design and configuretion, streas pattern, and water pres-
sure; (¢) opermtiomsl or procedural qualities, such as flushing seq-
uence, forvard speed, and directional comtrel.

a, For all envirormental conditiona, remowal effectivaness is
maximm vhen both forward nois}es are orientated such that the two Jet
streax planes intersect the surface in one straight line, which is
canted at 55° with the direction of trevel., The dip angle of the left
front nozzle is )0° and that of the right frout nossle is 22°, and the
dihedral angles are zexro.

b. Yor s given amount of effort the rate of remowel as well as

lovest, Tinal residusl mass obtainable ves 8 direct function of particle
site and an inverse function of mass loading.




. The highest degree of effectiveness wvas achieved on concrete
surinces, at low mass loadings (20 g/ft?), and with tbe large particle
size range {10-700}.

d. The previously developed theoretical cleaning equation (des-
cribed below) f£it the data for 13 out Oof 22 of the tests.

SONCLUSIORS
The conclusions suggested by the test regulis are as follows:
a. The adjustments and orientation of the nozilss described in

Section 2.2 of this report can be applied beneficially to moet com-~
mercinl street flushers,

»

b. Under conditions similar to those teated, fallout paremeters
and surface type vill probably influence flushing effectiveness in the
following way:

(1) Eigh initia)l mass levels will be harder to remove than low
initial mass levels.

(2) Smmll particle sizes will be mare difficult to remove than
laxge particle sizes.

(3) Rough asphalt surfaces will retain a greater residual msss
than acreeded concrete surfaces.

c. Motorized flushing is ean effective decontamination procedure
for recovery of extensive paved areas, if the fal].owin? lons are
recognised and overcame: (1) possible water shortage; (2) insufficient
muber of flushers; (3) excessive accumiation of flushed material due
t0 high initial mass levels, ar the accelerated build-up of flushed
mterisl {n an extenaive area brving a low initial mass level; and (k)
the safe handling and ultimate dispoeml of the flushed material.

d. The performance of motorized street flushers can be reasonably
described by the flushing equation:
-x g3

M is the residual muss (@/ft<) after rinite effort expenditure B
M* 1s the residuval mess (g/ft<) at an infinite effort level
Mo 1 2)

i

u-ul+(uo-m)e

the initin) mass level (g/ft
8 the proportiommlity constait sing remcml rete
mm expended (equipment -m/;g 1712)

in the fraction of removable mass remmining after
expendding effort, R.




RECOMMENDATION: :

Since the aories of tests econducted represents a very limited
effort, the tvilowing Investifations are recommended:

8. Purther tests should be conducted to explore passible improve-
ments in flusher design and operating techniques.

b. Investigations should be made to determine whether a cambina-
tion method (such as sweeping followed by flushirz) might show improved
performance on higher mass loedings.

¢. Additional tests should be made to determine the eftects of
increased speed and nozzle pressure upon flusher performance.

d, Since the present test data did rot completely substantiate
the clesning equation, further investigations should be made to either
verify the equation or develop & new one.

e. Ilarge-scale tegts should be performed on streets extending a
block or more to obtain planning information, including turn-around
losses and RN dose factors.
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CHAPTER 1

INTRODUCTION

After the shelter phase, recovery from a land-surface nuclear
veapon detonation requires that proper countermeasures be used during
the various phases of radiological recovery activity. Decontamination
is the major countermeasure to be used during the operational recovery
phase which occurs after the emergency phase of shelter protection anmd
before the long-term recovery phase or contamination control.

The decontamination procedure to be used in each contaminating
situation depends upon the fallout characteristics, the decontamination
materials and equipment available, and the nature of the surfaces to
be decontaminated, In a land-surface detonation the redicactivity is
assoclated with the particulate fallout material in such a way that
the prime criteria for decontamination are mass removal and disposal.
In regions where encugh water is available for large-scale decontami-
nation, motor flushing could be appllicable to cleaning extensive paved
areas such as streets.

The manner in which most motorized flushers are used is not suit-
able for decontamination, The usual dust-setiling spray techniques
are not compatible with high-pressure water transport of deposited
fallout particulate, To determine the decontamination capability of
a commercielly available motorized flusher, one was tected under con-
trolled enviromments of simulated fallout using optimum machine adjust-
ments which gave the best performance in preliminsary small-scale tests.

1.1 BACKGROUND AND HISTORY

The usefulness of motorized flushers for decontamination wes recog-
nized as_early as 1952 when operations at San Br\mo,l using redio-
tracer in a contaminant of seawater slurry at an initial mass of
78.5 g/ft2, required a flushing flow rate of 0.5 gal/ft to reduce the
initial mags to 3 g/fte,




At Operation Stoneman I in 1956 conventional motorized flushi
was used on dry simulated fallout at a deposited mass level of 250 ;71-1;2.
Water consumption rates of 0.5 gal/ft2 vere used and produced 2 % resi-
dual mass levels.

At Operetion Stoneman II3 in 1958, conventional and improvised
motorized flushing were tested using dry fallout simulant at 10, 33, and
100 g/£t2 initial deposit mess levels. Using improved nozzie adjustments
and higher water pressures than before, the water consumption rates were
0.12 to 0,16 gal/ftZ with a residuel mass level from 1 to 6 % of the
initia) mass level.

Motorized flushing at C Parks 1in 1959 and 1960 during Target
Complex Experiments I and II* and ITI” was an integral part of the whole
recovery sequence, so that the individual effectiveness of the flusher
was not determined.

Recently developed concepts of fallout environment show a relation-
ship between deposited initial mass and particle size runge.6 These
model relaticnshipe have permitted the systematic selection of simulated
fallout environments for the present evaluation of & motorized astreet
flusher for decontamination. Previous evaluations of wet decontamination
procedu.res3;u:5 and the recently developed concepts of tallout environ-
ment simulation® indicate that the present tests should attempt the
following: (a) to verify previously established wet method decontami-
nation paremeter relationships or eatablish new relationships; and
(b) to determine specifically and separately the effects of deposited
mass level, particle size, and surface roughness on decontemination
effectiveness.

1.2 OBJECTIVES

The present series of motorized flusher evaluation tests was
intended to:

a. Measure and select the best operative conditions for available
motorized street flushers, including design improvements in equipment
and operational procedures.

b. Determine the decontamination effectiveness of atreet Zlushers
performing at optimum operating conditions of nozzle orientation, water
pressure, and forwnrd speed in the removal of fallout simulant of various
particle sizes amd mass loading from paved surfacea of asphalt and con~
crete,




1.3 APFROACH

The broad scope of the objectives implies a lurge number of tests
to cover all combinations of parameters for flusher and expected fallout
environment. To reduce the number of tesis, a fixed optimum combination
of machine parameters was first established. This combination was then
applied Lo a series ~f different fallout enviromments to determine the
effect of several environmental factors in greater detail.

Optimum mechine operating :onditions were established as follows:

8. A single intermediate forward speed of 6 mph was selected and
maintained throughout the test series. This speed provides adequate
maneuvering capability and is representative of flusher cperation for
8 majority of applications.

b. Water pressure was maintained near maximum to impert as much
kinetic energy as possible to the particulate on the contaminated sur-
face,

¢, FPrevious experience and a reries of preliminary tests were used
to establish the best nozzle attitude settings, location on flusher, and
use of individual or cambinations of nozzles.

Several flushing techniques and sequences of techniques were tried
on the test area before a uniform procedure was adopted which would per-
mit an accurate determination of the effect of environmental factors.

Environmental factor effects were then determined as follows:

a. A special test area was constructed for enviromment control to
permit measurement of decontamination effectiveness as reflected by re-
sidval mass, using either a material weight balance technique or a radic-
nuclide=-traced fallout simulant,

b. Equel areas of asphalt and concrete were used to determine the
effects of surface roughness. Surface roughness of pavements can he
indicated only in a gqualitative manner on . reiative basis, since there
is no standardized method of comparing two surfaces in different loca-
tions. For these tests, only one concrete area and one asphalt area
wvas used to provide an unchanging surface parameter while mass level ard
perticle size effects were determined.

¢, Four available particle size ranges were used at three initial
mass levels én conformance with recently developed concepts of fallout
environment.® Table 1.1 shows the estimated range of fallout environments




TABIE 1.1

Estimated Range of Fallout Enviromment Parameters

Parxticle Yeapon Standard Intensity Initial Downwind Distence
Size Range Yield Masg from Detonation

{u) {xT) (z/br st 1 hy) (g/£t%) Point
(mi)
L. 88 1-105 1- 6,400 0.3-192 23 -180
88-177 1-102 48.29,500 1.4-885 8,3-120
177-350 1-107 110-24,000 3.3-720 4.0- 87
350-700 1-105 154-22,000 4 ,6-660 2.2~ 71

simulated. Corresponding to each of the size ranges used are the other
environmental factors: estimated ranges of weapon yield, standard inten-
sity, initial mass level, and downwind distances. The three specific
mass levels {20, 100 and €00 g/ftZ) chosen for the tests were within the
estimated renges predicted by the fallout model. These levels were held
constant s0 that particle size effects could be determined.

The tneoretical jmplications of test results were analyzed as followa:

An IBM-T04 computer was used to correlate test data with the pre-
viously developed cleaning equation. The equation3 in the form

3K, EY3

M=M*+(M°-M*)e

was solved for 13 of the 22 tests conducted.* The results are presented
in Section 3.5 showing the estimates of the equation's coefficients
3 K, and M¥,

1.5 SCOFE

The limited fundc available for this project and the effort involved
in getting each data point required a judicious expenditure of experimental

#Terms of the equation are defined in Section 3.5.

L




TABLE 1.2

Scope of Test Conditions

Mass Loading Particle Size Surface

{8/£%%) (w) Type
20 Lha 88 A
20 L4,. 88 c
20 88-177 A
2 88-171 ¢
=y 177-350 A
=) 177=350 c
2 4] 35G-T00 A
x 350-700 c

100 Ly~ 88 A
100 4 - 88 C
100 88-177 A
100 88-177 c
100 177-350 A
100 1T7-350 c
100 350~T00 A
100 350=700 c
€00 88-117 A
a0 88-177 c
A = Aspnalt

C = Concrete

effort. Seventy preliminary small-=cale tests were run to determine
optimum machine adjustments of nouzzle orientation and wvater pressure at
one intermediate speed and the best operational procedure (involving
flushing sequence on the teat area and nozzle usage combinations). Then
22 tests were run to determine the effect of fallout enviromment para-
neters of mass level, particle size, and surface roughness on decontami-
netion effectiveness. Eighteen seprrate test conditions were met as
shown in Table 1.2 Four of the 22 tests were replications.




CHAPTER 2

TEST PROCEDURES AND MEASUREMENTS

Deccntamination of paved areas covored with particulate fallout
from a laid surface burst involves the removael of radiomctive particles
from the surface, and safe disposal of the material. The use of water
as a decontaminating ageni cen best be effected by the ure of a motor=-
ized flusher which washes the conteminant into s ditch or catch basin
or to some collection point where other methods must be used for ulti-
mate disposal. It is therefore of interest and necessary to study the
operating characteristics of motorized flushers to cptimize their use
for wet decontamination.

Three types of factors influence flusher cleaning effectiveness.
The first type includes envirommental conditions such as weapon deto-
nation conditions, surface type and roughness, and contaminant particle
slze and initial mass level. The second type includes machine character-
istics such as forward speed, nozzle design and configuration, and wvater
pressure. The third type includes operational. or procedural factors
such as contaminant buildup with distance covered, contaminant containment
within the operation area, and ultimate accumulation and disposal of the
contaminant,

The tenacity of adherence of dry solid particalate fallout to a
paved surface depends upon such factors ag the force of gravity, par-
ticle size, and surface roughness. Since flushing consists of physi-
cally moving material across the surface to a collection or disposal
point, these factors have en important effect upon the decontamination
effectiveness when applied.

No consideration is given to leaching and exchange of soluble
radionuclides to the surface, since the fallout simulant used is speci-
ally processed to minimize errors introduced in the rediation measure-
ments from this source.




2.1 TEST SITE

A special test area was constructed to provide rigid envirommental
conurol during the tests. A section 170 ft long on an existing 32-ft
wide asphalt atreet at Camp Parks, California, was used as e foundation
for the test area shown in Pigs. 2.1 and 2.10. New 8-in. concrete curbs
with 18«in. wide gutter aprons were constructed for lengths of 140 £t
on both sides of the street. One half of the street (16 x 140 ft) was
paved with concrete, finished to simulate freevay pavement, and the
other half was resurfaced with asphalt up to the level of the concrete.
A system with grid lines was painted to help with meacurement and
identification of areas during the tests,

A system of drainage trenches was built around the periphery of the
newly paved areas, opeu along the curbs and covered with steel gratinge
across the sireet to permit unimpeded vehicular traffic. Four sumps
associated with catch basin gretings in the curb apron were used for
accunulation and recovery of simulated fallout material flushed fram
the test area. Material could be flushed from the test surface for
recovery into 50-gxl drums suspended in each sump, while the excess
water drained to the low point of the system (sump #2) where it was
pumped to a safe disposal area. Four-foot-high splash boards along the
back of the side trenciies controlled the material that splashed over
the curb.

The original intent of this test area was to provide suificient
control of the fallout simulant so that the material flushed from the
surface could he collected and weighed to determine the effectiveness
on & weight basis. However, the accuracy of the material balance was
of the order of 10 %, which was unsatisfactory for the residual mess
levels achieved (about 1 ¥)in many cases. Also involved is the common
source of inaccuracy in subtracting two nearly equal values (initial
mass and mess removed).

When the radionuclide-tagging method of measuring residusl mass
on the test surface is used, the trenches provide a shielded location
for flushed material so an accurate measurement could be made, The
accumilation of the contaminant in the drainage system also provided
radistion shielding for test personnel during cleanup after each test.
Use of the drainege system may not simlate operation in a real situa-
tion, but it does permit weasurement of the effect of mass level, per-
ticle size, and surface roughness on decontamination effectiveness by
eliminating some of the problems experienced 1n previous tests.




Fig. 2,1 Specisl Test Area for Bwluation of Wet Decontamination
Procedure.




The t2st area was large enough to permit taking sufficlent radia-
ticn readings to establish aversge values and to similate a possible
operational procedure for the flusher, yet it was small enocugh to allow
carrying cut the tests with a moderate amount of materials and manpower,
and obtain reasonable values for water consumption per square foot.

2.2 DESCRIPTION AND AINUSTMENT OF FLUSHER

The flusher used for the tesis was a World War I vintage machine
which was up~dated with a higher-capacity pump and a set of new nozzles.
The features it had in common with most flushers were: (a) a large-
capacity water storage tank mounted om a truck chassis and filled by
hose from a fire hydrant; (b) an auxiliary engine driving a water pump
to provide the required water pressure und flow for the noizzles; and
(c¢) seversl nozzles with orientation adjustments end whose operation
is independently controlled by the operator. Detailed specification of
the machine is given in Appendix D.

Pretest speed calibration runs with the flusher resulted in the
performance curves shown in Fig. 2.2, Low- and high-range rear axle
settings could be used with each of the 5 forward gears. The G-mph
fervard speed with the truck engine operating st 1350 rpm (transmission
gear L3) was used. An engine tachometer mounted in the cab enabled the
driver to maintain the exact rpm.

The design of a standard flusher nozzle was studied to determine
its applicability to decontamination where high pressure and velocity
with a low flow rate is desirable. Although the nozzle orifice zap
could be decreased to achleve desirable results, it vas decided to use
newly purchased and unaltered standerd nozzles at the two front nozzle
positions 50 that the test results would be representative of commerci-
ally available and extensively used equipment. The use of a standard
nozzle at the right rear posit’'an was not desirable because it provided
neither sufficient pressure nor a confined stream pattern. Therefore a
specially decigned® nozzle vas scaled up and adapted for use on the
flusher, This nozzle produced a 30° included angle of spray that wes a
compromise betveen the TO® included angle of the standard flusher nozzle
and the narrow stream of a standard fire nozzle. The left rear nozzle
wvas & standard flusher nozzle used only to wash down the test area splash
boards (Fig. 2.12). The flow rate vs pressure performence of each nozzle
is shown in Fig. 2.3.

#By W. L. Oven of this laborataory.
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An infinite number ¢f combinations of nozzle gecmetries and orien-
tations vas possivie. Therefore a systemmtic approach to the selection
of the one combination used for the tests was required. Previcus flusher
evaluations indicated that good results vere obtained vhen the spray
planes of the twc front nozzles intersected the pavement in a single
straight line to produce a cleaning action similar to that of a road
grader with its blade at an angle tc the direction of travel (Pigs. 2.4,
2.5, 2.6). To increase the path width flushed, the left fromt nozzle
was moved to the extreme left of the machine where it cleaned the full
tread width of the left tires and prevented tracking of contaminant to
clean areas. The procedure for nozzle orientation, applicable to any
fluster, can Le explained by reference to Fig. 2.4. To achieve a road
grader blade action, all componencs of the spray velocity should be
directed to the right or towmrd the gutter of the street. Therefore
the two front nozzles were oriented in azimuth so that the left edges
of the spray were parallel to the direction of travel. The dip angle
at which each of the spray planes is depressed from the horizontal was
ad justed so thet both spray planes intersected the pavement in the same
straight line et 559 vith the direction of travel. The 10°0 dip angle
of the left nozzle was found to be most effective from preliminary
small-scale tests, and the 220 dip angle of the right nozzle wvas re-
quired to contimie the straight line of impact. No nozzle rotation
around the centerline of the spray was considered and the nozzles were
alvays set so tnat the dihedral angles were essentially zero. Table 2,1
shows optimum nozzle settings and pressures determined oy preliminary
tests. Consistent nozzle orientation was maintained by using the bar
and protractor errangement shown in Fig. 2.5. To reduce the number of
variables to be eveluated, a series of preliminary tests wes used to
determine what appeared to be the best procedural method of flushing
contanminant from the two paved test surfaces. The procedure adopted is
described Jater wder Section 2.6 and was repeated in as nearly identical
manner as possible {or all tests.

2.3 FPRODUCTION OF FALLOUT SIMUIANT

Bulk carrier material for fallout simalant vas formmlated frow two
types of commercial sand having physicel and chemical properties similar
to those of real fallout. Each type wvas reedily available and could be
easily processed to simijate the falloxt environments described in
Table 1.1. The mediuwr~to-large particle size fgllout simulant wes ob-
tained from $60 mesh Del Monte sand, a sm~vth, weathered, river bottom
mterial in the size range 105700 p. The sasller particle size range
simulants were sieved from 4h-1T7 W Wedrou river bottom sand.
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Fig. 2.5 Front Nozzle Operation Showing Protractor Bar Used to Orvtain
Proper Nozzle Orientation. Protractor points occur every 10 degrees.
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Fig. 2,6 Three-nozzle Operation at Settings Used for Evaluation Tests.
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TABIE 2.1

Optimum Nozzle Settings and Pressures

Nozzle: Ieft Front Right Front Right Rear

Dip Angie: 10° 22° 10°

Azimuth Angle: 35° 35° 15°
Pressure (psi)

lat Pass: 4o Lo -

ond Pass: 35 35 &

3rd Pass: - 35 60

Note: Forward speed was constant for all passes at © mph.

The radionuc)ide Inlho used to tag the bulk carrier material was

selected for several reasons. Its energetic gamma reys minimized the
shelf-shielding effects of the simmlant et high initial mass levels,
making the radiation measurements more nearly proporticnal to the mass
present if the specific activity (uc/g) was wniform. Radicactive decay
by a 40,2-hr half-life reduced the residual radiation levels to backe
ground in a few days and permitted reuse of the test + Rxisting
facilities for the preparation end handling of the IalY0 developed for
other reclamation projectsls5 were avallable at Caup Parks,

Coating the tagged bulk carrier with sodium silicate and baking
for 1 Ir at 2000°P formed a waterproof giamze vhich assured that the
activity remained fixed to the bulk carrier so that it was not trens-~
ferred to the test surface.

2.4 DISFERSAL OF FALLOUT SIMUIANT

One of the criteris lmposed upon the test conditions was a uniformly
dispersed initisl masa of fallout simulant on the test area., The mass
loading depended upon the fallout environment being simulated.

16




Uniform dispersal wes achieved by using a calibrated, hand- ted
garden spreader (Fig. 2.7; O. M. Scott end Sons, Marysville, Ohio). The
average initia). mass level was determived by weighing the spreaders
before dlspersal and again afterwvards. The uniformity of dispersal was
visually better than that achieved previously with a dump truck.

2.5 MEASUREMENT TECHNIQUZ

A1l measurement instrumentation was given an adequate wvarm-up
mericd, and backsround and colibration readings were made whenever test
measurements were made.

Simulant property measurementr weye made with Rotap machine (W. S,
Tyler Co,, Cleveland, Chio) and stendard Tyler sjeves., Six sieves and
@8 pan, nested with graduated mesh sizes, were thoroughly rotapped for
10 min to separate a 100-g sample into sieved fractions. Each fraction
was weighed and its activity measured in the 4-pi ionization chamber
(Fig. 2.8) to determine its specific activity (uc/g). The properties
of each batch mixed are tabulated in Appendix B. Microscopic examina-
tion of the sieve fractions was also used to determinse the size distri-
bution a3 well as shape, and uniformity of the similant batches,

Machine variables cf forvard speed, nozzle vater pressure, and
operational decontamination procedures were controlled for uniformity
in all tests using activity. Forward speed vas measured with a cab-
mounted engine tachameter. Nozzle water pressure was measured by probes
at each nozzle. The probes were manifolded to a pressure gauge in tira
cab vhere the pressure was manually controlled by the pump engine
throttle. Duplication of operational decontamination procedures for
each test was assured by operator pretest training and familiarization;
and by external) direction as the tests were being run.

Radiation measuremente were made by a specislly built mobile,
shielded, garma scintilliation detector (Fig. 2.9). The rediation de-
tection element was a NaI (T1) scintillation crystal (1 in. diameter
by 1 in. thick) that wes coupled to a photomultiplier tube, all con-
tained within a 6-in.-thick lead shield. A collimated aperature per-
mitted entrunce of radiaticon into the sensitive volume. The power
supply, associated electronics, and printout system, as well aa the
shielded detector, were traller mounted for mobility,

The effectivenesa of the decontamination procedure was determined
by comparing rediation meesurements before and after each event,

17




Fig. 2.7 Dispersal of Synthetic Mallout on Test Area by Hand-pulled
Garden Spreader.,
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Mg. 2.8 U-pi Tonization Chamber
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Fig. 2.9 Measuring Radiation Intensity of Synthetic Fallout with
Scintillation Counter and Hund-held Radiac.




Reliability ia the wmeasuremer.:s mmde with the shie)ded detector was
provided for by reconrding a8 series of T o l-minute counts in the follow-
ing sequence:

e. Count a 0060 radistion standard,; to determine the overall
regponse of the instrument.

b. Count a sample from ihe synthetic fallout aimmdant batch to
check simulant decay.

¢, Count at each of the monitoring stations on the test area to
collect data.

4. Repeat steps a and b as a further check on instrument response
and decay.

The above four-step sequence was carried cut for each test to measure
the bacxground, initial masa, and mass remaining after successive flush-
ing passes, Time of Gay was recorded for each palr of couats to facili-
tate decay correction.

Hand~held portable radiacs, ANPDR-39 (T1B), were used es a check
or the mobile shielded detector and for general monitoring purposes,
such as controlling radiation dcosage to perscnnel during preparation
and dispersel of the simulant.

The 4-pl iondzation chamber was used to assay the gross and sieved
samples of the fallout simmlent. It alsc followed the readicactive decay
of each simulant batch as a check on radionuclide purity.

2.6 TEST PROCEDURE

BEach of the tests with rediocactive fallout simulant was conducted
on a concrete or asphalt surface at initial mass level, particle size
range, forward speed, and operational sequence required by the test
conditions as follows:

a. Radiation background measwrements were made as described in
Section 2e 5.

b. Syntbetic fallout material of the desired particle size range
and mass level was dispersed over an area 15.5 x 90 %, as described in
Section 2.k,




ce Initisl mase level radiation measurement were made as described
in Section 2.5.

d. One flushing cycle of the entire test ares wac made, consistiag
of 3 passes (as shown in Fig. 2.10) and described as follows:

1.

2.

3.

L.,

First pass at crown of balf-contaminated street, using both
front nozzles at L0 psi to flush contaminant forward and
toward the gutter.

Second pass alongside the gutter using 3 nozzles (Fig. 2.11),
front nozzles at 35 psi and right rear nozzle at 60 psi,
with a slight overlap of area cleaned on first pass.

Third pass in the gutter agsinst the curb using two nozzles;
right front at 35 psi and right rear at & psi, to flush
material into catch basin or beyond test area,

All material flushed beyond test area was washed by fire-
nose to catch basins and sumps, so that it would not con-
trimute to radiation readings on test area, Contaminant
wes flushed from side boards into drain ditches as shown
in Pig. 2.12, using left rear nozale.

e, Radiation measurements were made as in Section 2.5.

f. Second flushing cycle was completed as in (d).

g. Final radistion was measured as in Section 2.5.
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Fig. 2.11 Second Flushing Pass at Curb ilsing Three Nozzles.




Fig. 2.12 Flushing Contaminant From Side Splash Boards into Drain Ditch
Before Taking Radiation Reeding on Test Surface,
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